Natural radiative lifetimes in the Ss ns Si/2 and Ss nd D3~2 5~2 (n & 20) sequences of indium have been measured using pulsed laser excitation of an atomic beam. The uv pulses were produced by a YAG-pumped, or alternatively, an excimer-pumped dye-laser system. %'hile the 5-state lifetimes show a normal (n ) behavior, the D sequences are strongly perturbed. The lifetimes of the Ss Sp I' states were found to be Jdependent.
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I. INTRODUCTION
During the last few years, highly excited atomic states have been extensively studied regarding radiative properties as well as energy substructure. Using laser-spectroscopy techniques, especially, the alkalimetal and alkaline-earth elements have been investigated. In this paper we report on lifetime measurements on the group-III element In. Indium has three electrons outside closed shells but two electrons usually form a closed subshell. The basic spectrum is then alkali-metal-like with a I' state as ground level. The group-III atoms are well suited for laser-spectroscopic investigations since the S and D sequences are directly accessible from the ground configuration in one-step excitation procedures provided short uv laser-wavelengths can be obtained. In our measurements, lifetimes in the 5$ M S~y 2 and 5$ Pld D3y2 5' sequences up to 2 2 2 2 n =20 were determined. Two different laser systems were used alternatively; a Nd:YAG-pumped Rhodamine dye laser employing frequency doubling and anti-Stokes Raman shifting, or an excimer-pumped Coumarine-47 dye laser employing frequency doubling.
Although alkali-metal-like, the In spectrum is complicated by the presence of states with two excited electron orbitals. The 5$5p configuration has states both above and below the ionization limit and can cause perturbations in the Rydberg sequences. Such perturbations have been studied very extensively in the alkaline-earth elements and influence lifetime values' as well as gJ factors, hyperfine structures, and isotope shifts. ' The basic energy-level structure in In has been determined by Garton and Codling in absorption measurements.
Recently the investigations were extended to high principal quantum numbers using laser-spectroscopy methods. The energy levels were
II. EXPERIMENTAI. TECHNIQUE
The setup used in the present investigation is shown in Fig. 1 . During the measurements we used one out of the two laser systems shown. The found to be affected by perturbations.
Only a few hyperfine structures have been measured so far. The hyperfine structure in the lowest D states, measured by the level-crossing technique, was found influenced by interaction with the 5$5p configuration, while the hyperfine structure in the lowest I' states is affected by core polarization effects. Very recently the lifetimes of the lowest members of the S and D sequences have been measured. ' Oc1983 The American Physical Society (21) 490(35) 625(60) 785(70) 1025(70) 1170(95) 1360(135) 1690(200) 2000 (300) 200 (14) 317 (22) of the transient digitizer we could eliminate the radio frequency disturbances using an A-minus-8 option. When 8 decay curve had been transferred to the minicomputer"a program wss used for obtaining the best exponential fit to the experimental data. On some short-lived states we recorded both the fluorescent light and thc exciting laser pulse. From the laser pulse shape, a computer program generated decay curves for different lifetimes to make the best fit to our experimental decay curve. Figures 2 and 3 show thc quality of soIIlc experimental curves.
Background counts are subtracted and the fitted exponentials are included.
For each state, recordings were made on several occasions snd some states werc measured with both laser systems. Special attention was paid to ensure that there was no inAuence due to saturation in the photomultiplier tube, multiple scattering, collisions, Zeeman quantum beats, and flight-out-of-vicw effects. ' Table I In these sequences short-lived states with two excited electrons mix into the energetically close-lying Rydberg levels and cause a decrease in the lifetimes. This effect can be used to determine the degree of configuration mixing. In the D sequences of indium, however, the situation is more complicated since no doubly-excited states exist in the energy range of the (7 -10) D states. In the measurements, the fluorescent light obtained from the atomic beam was one or two orders of magnitude weaker for these states than for the next higher levels. Low-transition probabilities have also been found in absorption measurements ' and a similar behavior persists in Ga and Tl. The low-absorption cross sections for these states in In have been sug-gested to be owing to configuration interaction with the autoionizing 5s 5p D states. ' As can be seen in Fig. 5 , the lifetimes increase monotonically for higher states but the lifetime values are different in the D»z and D3&q sequences. This indicates that a perturbation strongly affects the levels around n =7 -10 and in a more smooth way the rest of one or both sequences. Clearly, theoretical calculations including configuration-interaction effects are necessary to explain these results.
Lifetimes for the three 5s5p I' states were also measured. In pure LS coupling these states would be metastable and the lifetime values are probably a measure of the degree of intermediate coupling. From a fit of energy levels no diviation from LS coupling is obtained, but for similar elements, e. g., T1I, and Snit, and J=-, have the highest purity and J=-, the lowest, ' as indicated by our lifetime results.
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